Introduction: Independent and safe mobility considerably affects social functioning and performing activities of daily living (ADL). People with intellectual disabilities commonly have a reduced sense of balanced posture. Aim of the research study: Examination static balance in adolescents with moderate intellectual disabilities under the influence of a 12-week programme of functional exercises on unstable surfaces. Material and methods: Static balance was assessed on an Alfa stabilometric platform. A total of 34 adolescents, aged 14-16 years, were involved in the tests. They were divided into two groups: group one took part in a 12-week exercise programme, and group two constituted a control group. Results: A statistically significant difference (p < 0.05) between the scores of the experimental and control group was revealed after the termination of the exercise programme, and it related to the Centre of Pressure (COP) surface area in the balance assessment test with eyes closed. The suggested battery of exercises considerably (p < 0.05) affected the shortening of the path length in the balance assessment test with eyes open. Those differences were not observed in the control group. The experimental group boasted a statistically significant (p < 0.05) shortening of the path length and a smaller surface area covered by the COP in exercises with eyes closed. Conclusions: The suggested training programme improved static balance in intellectually disabled adolescents who took part in regular exercise sessions.
Introduction
The primary objective of the human vestibular system is to maintain a solid centre of gravity (COG) under static conditions and in motion. Swaying of the COG in different directions is controlled within its base of support (BOS), located in the area where the feet adhere to the surface. Keeping postural stability is possible thanks to the cooperation of the organ of vision, proprioceptors and the vestibular system [1] . Information flowing from those centres causes involuntary reactions of the musculoskeletal system of the limbs and the trunk, correcting the position of the COG and assuring stability of a standing posture or enabling effective, aesthetic and economic ambulation [2] . In the intellectually disabled, functional limitations -expressed by worse body posture, gait and performance in activities of daily living (ADL) -result considerably from worse postural balance.
Aim of the research study
The pilot studies aimed to assess changes in static balance in adolescents with moderate intellectual disabilities (ID) under the influence of an original 12-week programme of unstable-surface functional exercises.
Material and methods
A total of 34 adolescents with moderate mental disabilities (aetiology other than genetic syndrome) -students of the Group of Special Education Schools in Krakow -were involved in the study. The parti cipants' average age bracket was 14-16 (15.06 ±0.9) years, their average body weight equalled 65.5 ±13.1 kg and their average body height was 163.3 ±8.7 cm. All of them willingly took part in the programme and obtained their legal guardians' informed consent in writing.
The authors of the study obtained written permissions from the school authorities and the Bioethics Committee at the District Medical Association in Krakow to carry out the project. All procedures were conducted according to the highest ethical standards.
Static balance was measured on an ALFA AC International East stabilometric platform (distributed by P.H.U. Technomex Sp. z.o.o). Participants were asked to assume a comfortable, natural standing position with their upper extremities hanging loosely along their trunks and their feet placed hip-width apart in the middle of the platform. The angular values of the foot positioning of each participant were recorded in the examination protocol because another measurement was repeated in the same standing position. Static balance was assessed by means of the Romberg test. The computer analysis allowed us to obtain the following data: mean deviation of the center-of-pressure (COP) on the X (COP deviation range in the maximum likelihood (ML) direction) and on the Y axis (COP deviation range in the AP direction) [cm] , the length of the path covered by the COP [cm] and the COP surface area [cm 2 ] covered on the platform. All participants, prior to the measurements on the platform, were randomly divided into two equal groups. The adolescents from the experimental group underwent a 12-week intervention programme of exercises on unstable surfaces. Those who did not perform any exercises constituted a control group. The exercise sessions lasted 45 min each and were conducted three times a week by the same therapists.
Examples of a battery of exercises included in the programme:
• two feet standing on an air-cushion -balance test;
• standing on two air-cushions and alternate lifting of the lower extremity bent at the knee joint; • sitting on a stability ball and balancing the pelvis with alternate hand reaching forward and diagonally to grasp a mug standing on a table; • supported kneeling on two air-cushions with alternate upper extremity reaching forward to touch a balloon hanging in front of the participant; • stepping on 10 air-cushions, placed 40 cm apart, to get a book lying on a table and return it to the therapist; • sitting on a stability ball, lifting the lower extremity and putting on and taking off footwear; • sitting on a stability ball and assuming a standing position; participants were asked to reach a shelf with their upper extremity, take off a toy animal and return to a sitting position; • cross-legged sitting on an air-cushion, backs straight and palms on their knees; participants were asked to bend forward and touch with their palms the palms of the therapist and then return to the initial position; • lying on the back, the lower extremities bent at the knees, feet placed on cushions; trunk turning to the sides, moving a ball from one side to the other; • four elastic tapes fixed across the room at a distance of 1 m and at the alternate height of the participants' knees and shoulders; the test involved getting to the other side of the room across a surface covered with soft mattresses, over the lowest and under the highest tapes; • moving sideways over a bridge made of air-cushions lying in two rows. Another static balance test was carried out in both groups after a lapse of 12 weeks of the training programme. The same person made assessments using the same devices, and the tests were conducted in the presence of a teacher.
Statistical analysis
The arithmetic mean and the standard deviation of separate variables were calculated. The significance of differences in the values of variables between the groups before and after the intervention programme of exercises were assessed by means of the U Mann-Whitney test, if the variable distribution differed from normal (the Shapiro-Wilk test, α = 0.05) or the t test for independent groups, if the distribution was normal.
The significance of variable differences found in both tests in the experimental and control group were also analysed employing the Wilcoxon sequence pair test for the variables whose distribution differed from normal; the level of significance was accepted at α = 0.05.
Results
The results of the static balance tests were statistically analysed and are presented in Tables 1 and 2. Prior to commencing exercises, there were no statistically significant differences noticed between both groups as for the variables under analysis in the static balance test performed with eyes open (Table 1 ). The average results characterising both groups after the lapse of 12 weeks differed to a greater extent from those in the initial test; however, they were not of statistical significance.
A statistically significant difference (p < 0.05) relating to swaying of the COP in the anterior-posterior direction (Y) was recorded before commencing the intervention programme of exercises between both groups when the tests were performed with eyes closed. The control group had statistically better scores; however, those differences were not recorded after 12 weeks of the intervention programme, at which time those who performed exercises on unstable surfaces scored better. A statistically significant difference (p < 0.05), related to the COP surface area, between the results of the participants who performed exercises with their eyes closed and those who did not train, was observed after the intervention programme. The average value of that variable was similar in both groups at the beginning of observations, while after the lapse of 12 weeks of the intervention programme it distinctly differed to the benefit of those who had trained.
Statistical analysis showed that the suggested intervention programme considerably (p < 0.05) affected the shortening of the path length in the balance test performed with eyes open (Table 2 ). Those differences were not recorded in the control group. After progressing to eyes closed, the experimental group presented statistically significant (p < 0.05) shortening of the path length and a decrease in the surface area covered by the COP, while the control group did not record statistically significant differences relating to the variables under analysis. The group of adolescents who underwent the original unstable-surface intervention programme of exercises revealed a considerable tendency to improve the level of all variables under analysis.
Discussion
Nowadays, most parents of intellectually disabled children do their best to provide them with a good standard of living and developmental possibilities. Disabled young people can attend various occupational therapy workshops and are taken care of by dif- Disorders to the locomotor system and limited functional fitness, which accompany intellectual disability, make integration of intellectually disabled youngsters with their peer circles more difficult. Such limitations can also cause their emotional withdrawal, which may result in further worsening of their mental and physical development. Intellectually disabled adolescents score worse in locomotor skills tests as compared to their mentally and intellectually healthy peers [3] . Commonly observed sedentary lifestyle and aversion to physical effort [4] result in weight gain [5, 6] and numerous disorders of the locomotor system [7] . A worse postural balance, characteristic of intellectually disabled individuals in comparison with their fully fit peer population [8] , limits their physical fitness and exposes them to falls and musculoskeletal injuries [9] . That is why it would be advisable to introduce adequate exercise programmes in special education schools, which would help intellectually disabled adolescents improve their fitness. Rehabilitation methods are still developing and a number of them place strong emphasis on functional training and increasing performance in ADL. The authors of this paper suggested functional exercises imitating daily routines, which could improve their performance in changeable conditions of the outer environment. Whilst carrying out such tasks, participants each time focused on carrying out the task rather than keeping balance. Concentration on improving functions and accomplishing individual tasks on unstable surfaces stimulated the participants' balance reactions. According to Horst [10] , "function can be defined as a complex activity of the whole body, which aims to accomplish a given task in specific environmental conditions". The intellectually disabled have disturbances to their deep-seated feeling and postural control in comparison with individuals with intellectual norm. Implementation of unstable surfaces in our exercises, i.e. stability balls and air-cushions, aimed to activate proprioceptive input. The shortening of the path length in the experimental group in exercises performed with eyes open in comparison with the control group showed a static balance improvement. Those results corresponded with the scores of the adolescents with Down syndrome [11] in our previous study, in which implementation of unstable surfaces improved their static balance.
A statistically significant shortening of the path length and a decrease in the COP surface area in exercises performed with eyes closed might also show some postural control improvement. Slightly worse scores recorded in exercises with eyes closed, as compared to the ones performed with eyes open, might imply greater concentration of participants on performing tasks when the organ of sight was disabled [12] or a greater fear of falling down [13] . There are a number of reports documenting improvement in static balance among the intellectually disabled following implementation of different intervention programmes. Participation of intellectually disabled youngsters in a 10-week hippotherapy programme, [14] . Children with ID also scored better in the speed, agility and static balance tests after a special programme of swimming [15] .
Other studies showed that compilation of balance exercises and those increasing muscular strength more favourably affected reduction of body weight and improved scores in motor tests in comparison with programmes based solely on general fitness exercises [16] . Bearing in mind that striving to improve the quality of life and self-dependence are the overriding objectives in the process of facilitating persons with ID, one should motivate them to take part in adequate intervention programmes. The battery of successfully completed functional exercises, consisting in accomplishing a given task, additionally stimulated participants to do exercises anew.
Conclusions
The battery of our original, unstable-surface exercises improved static balance in adolescents with ID who regularly took part in exercise sessions. The results of our tests encourage us to continue research and implement functional exercises on unstable surfaces in a programme of facilitating young people with ID.
